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Abstract. The paper gives an overview of strangeness-production experiments at the Cooler Synchrotron COSY. Results on
kaon-pair and φ meson production in pp, pd and dd collisions, hyperon-production experiments and Λp final-state interaction
studies are presented.
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INTRODUCTION
The cooler synchrotron COSY [1] at the Forschungszentrum Jülich in Germany can accelerate protons and deuterons
up to about 3.7 GeV/c. Both, unpolarized and polarized beams are available. Excellent beam quality can be achieved
using electron- and/or stochastic cooling. COSY can be used as an accelerator for external target experiments and
as storage ring for internal target experiments. The strangeness production experiments have been performed at
the internal spectrometer ANKE by the COSY-ANKE collaboration, at the internal COSY-11 spectrometer by the
COSY-11 collaboration, at the external TOF facility by the COSY-TOF collaboration and at the external BIG KARL
spectrometer by the COSY-MOMO and COSY-HIRES collaborations.
KAON-PAIR PRODUCTION EXPERIMENTS
Extensive measurements of kaon-pair production have been performed at several COSY facilities. Total and differential
cross sections are now available for a variety of reactions. The world data set of total cross sections for kaon pair
production is shown in Fig. 1, left panel, as a function of the excess energy ε . The pp → ppK+K− reaction (black
symbols) has been studied by the COSY-11 [2, 3, 4] and COSY-ANKE [5, 6] collaborations at excitation energies
between 3 and 108 MeV. The closely related reaction pp → dK+ ¯K0 (green) has also been studied by COSY-ANKE
[7, 8]. In addition the reaction pn → dK+K− (red) has been investigated by COSY-ANKE [9, 10] using a deuterium
cluster-jet as neutron target. The momentum of the non-observed proton spectator and the excess energy ε have been
reconstructed from the four-momenta of the detected deuteron and kaon pair. The pd → 3HeK+K− (pink) reaction
has been measured by the COSY-MOMO collaboration [11]. The dd → 4HeK+K− reaction studied by COSY-ANKE
is an ideal isospin zero filter. It could be sensitive to the production of the scalar meson f0(980). But the total cross
section (blue point) amounts only to 5 pb [12]. The high energy pp→ ppK+K− result (open circle) has been measured
at SATURNE [13].
The invariant mass distribution of K+K− pairs has been measured by COSY-ANKE [6] at three excess energies
ε = 51,67 and 108 MeV. The internal ANKE spectrometer detects simultaneously slow positive and negative particles
in the side detectors and fast positive particles in the forward detector. The spectrum taken at ε = 51 MeV (Tp =
2.65 GeV) is shown in Fig. 1, right panel. All three spectra show a strong peak which is due to the production of
the φ(1020) meson which decays with about 50 % into K+K−. The prompt K+K− distribution can be described by a
4-body phase-space distribution modified by the pp and K−p final state interaction (FSI). All three distributions show
a low mass enhancement over the fit curves. This enhancement has been discussed as a coupled channel effect due to
the K0 ¯K0 channel whose threshold (dashed vertical line) is about 8 MeV above the K+K− threshold [14].
The important K−p FSI has been observed by comparing the invariant mass distributions of K−p and K+p [6, 15].
The ratio of K−p to K+p production changes by an order of magnitude within 50 MeV. The same holds true if one
compares K−pp and K+pp. The K−p FSI can be described by assuming an imaginary scattering length of 1.5 fm.
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Abstract. The near-threshold production of kaon-pairs has been investigated in proton-proton, proton-deuteron and deuteron-
deuteron collisions at the Cooler Synchrotron COSY. The excitation function for the pp ppK reaction and the
invariant pp, and mass distributions indicate the presence of both and final state interactions.
Analogous final-state interactions of antikaons with deuterons has been found in the pp d K reaction as well as in the
pn d K reaction, measured in the quasi-free pd spdK process with a “spectator” proton ( sp). The existing
COSY data on the pd He reaction are not yet sufficient to study the He and final state interactions. A
very small total cross section was found for the dd He reaction.
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COSY is a Cooler Synchrotron designed to accelerate and store protons or deuterons, polarized and unpolarized,
for momenta up to 3.7 GeV/ , corresponding to energies of 2.9 GeV for protons and 2.3 GeV for deuterons [1]. It
is equipped with electron and stochastic cooling systems that can be used in the energy ranges of 40 183 MeV
and 830 2830 MeV, respectively. Extensive measurements of kaon-pair production have been carried out at several
COSY facilities over the last decade. Values of total and differential cross sections are now available for a variety of
reactions, cf. Fig. 1.
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FIGURE 1. (color online) World data set on total cross sections for kaon-pair production as functions of excess energy. Closed
symbols denote COSY results for pp ppK (black) [2, 3, 4, 5], pp dK (green) [6, 7], pn dK (red) [8, 9],
pd He (pink) [10], and dd He (blue) [11] reactions. In addition there is a high energy pp ppK point
from SATURNE (open circle) [12].
8 MeV/ difference between the two thresholds. A combined analysis of the ANKE low mass pp ppK
data sets at three energies [14] suggests that isospin-zero production is dominant, though the statistics in this regio
are quite low. The statistics are even lower for the COSY-11 pp ppK data and a recent reanalysis of these results
puts only weak limits on the scattering length: Re fm and Im ) = 0 fm [15]. To
study the and the FSI in greater detail, new high statistics data were collected at ANKE at 25 and 108 MeV
excess energy and these are currently under analysis [16].
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FIGURE 3. Differential cro section for the pp ppK reaction with respect to the invariant mass at 2.65 GeV.
The dott d histogram and the dashed curve represent the simulations for the and non- contributions to the spectrum, with their
sum being shown by the solid histogram. The left panel shows the full spectrum while the right panel illustrates the behavior near
threshold. The simulations fail to reproduce the lowest mass points unless the FSI, including the charge-
exchange scattering, is taken into account [14]. The position of the threshold is indicated by the vertical dashed line.
Evidence of the relative importance of the different FSIs can also be gained from the study of the energy dependence
of the pp ppK total cross section shown in Fig. 4. The influence of low mass enhancements in the final state is
clearly more important at low energies because of the obvious total energy constraint. The pp FSI increases relatively
the low energy predictions but this effect is much less than that induced by the , in part due to the fact there are
two pairs. The influence of the FSI is comparatively small, which is consistent with the findings from the
differential spectra.
The interaction near threshold is important, not merely because of the 1020 , but also due to the influence of
the light scalar ( -wave) mesons, 980 . These lead to the large scattering lengths that are required to describe the
data [14]. However these resonances have widths of about 50–100 MeV/ and are therefore much harder to
see in the mass distributions than the narrow , especially at COSY where the excess energy is limited to roughly
100 MeV. The difficulty is compounded by the strong competition coming from the kaon-nucleon interaction. As a
consequence there is only indirect evidence for scalar-meson production from the partial-wave decompositions of the
pn dK and pp dK data. These reveal an -wave dominance in the systems [6, 7, 4], which might
be a sign of the influence of the and channels, respectively. On the other hand, it has to be stressed that, even
if the production were mediated by the production of excited hyperons, there could still be FSIs in the channels.
The COSY-MOMO collaboration measured the pd He reaction at three excess energies, 35, 41 and
55 MeV [10]. Although the He ions were detected in a high resolution spectrograph, there was no magnetic analysis
in the region of the vertex detector and so the signs of the charges of the kaons were not identified. This means that
these data do not allow one to construct ratios of the He/ He invariant mass distributions of the type that were
so illuminating in the pp ppK case. As a result the He FSI could not be investigated cleanly. The angular
distribution of the kaon pair in their rest frame with respect to the proton beam direction shows that the meson in
pd He is strongly polarized. This is in marked contrast to the meson in the analogous pd He reaction
where the polarization was shown to be consistent with zero [17]. Although there is a strong -wave production
in the pd He reaction, only upper limits of 25% and 10% could be determined for the 980 and 980
contributions [18].
FIGURE 1. Left: Total cross sections for kaon-pair production as a function of the excess energy ε measured at COSY. Black:
pp → ppK+K− [2, 3, 4, 5, 6]. Green: pp → dK+K0 [7, 8]. Red: pn → dK+K− [9, 10]. Pink: pd → 3HeK+K− [11]. Blue:
dd → 4HeK+K− [12]. The high energy pp→ ppK+K− result (open circle) has been measured at SATURNE [13]. Right: Invariant
mass distribution of K+K− pai s measured by COSY-ANKE [6] at ε = 51 MeV (Tp = 2.65 GeV). Dotted and dashed histograms
represent the φ and non-φ contributions. The solid histogram is the sum of both. The K0 ¯K0 threshold is indicated by the dashed
vertical line.
In Fig. 2, the left panel shows the total cross sections for pp → ppK+K− as a function of the excess energy ε .
The data are from COSY-11 [2, 3, 4], COSY-ANKE [5, 6] and SATURNE-DISTO [13]. The dashed curve represents
a pure 4-body phase-space calculation. The dot-dashed curve includes the pp FSI and the solid curve includes the
K−p FSI. The right panel shows the total cross section for φ production as a function of the corresponding excess
energy ε . The data cannot be described by a pure three-body pha e-space behavior. But e inclusion of the pp FSI is
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FIG. 12. Energy dependence of the non- contribution to the
pp ppK total cross section. In addition to our three points
(closed circles), there is a high energy point from DISTO (open
circle) [ ] and four points close to threshold from COSY-11 (closed
squares) [ ], (open triangle) [26], and (open square) [27]. The dashed
curve represents the energy dependence from four-body phase space.
The dot-dashed includes the effects of the pp final state interaction
whereas the solid curve contains in addition distortion from the
FSI, as described in the text.
energy loss of the coasting proton beam caused by its multiple
traversals through the very thin target. The resultant frequency
change can be measured with high accuracy using the spectrum
of the Schottky noise. Combined with measurements of the
beam current, this yielded luminosities with an expected
precision of about 6%. The two methods give consistent
results within this uncertainty and, although the frequency–
change technique could not be applied as reliably at the higher
energies, it is expected that the overall luminosity uncertainty
is on about this level.
Our total cross section results for non- production are
plotted in Fig. 12 along with results taken from DISTO [
and COSY-11 [ 26 27]. It is seen that four-body phase space
cannot describe simultaneously the pp ppK data at
high and low excess energies. The situation is improved only
a little if account is taken of the strong attraction between
the two protons in the state but a greater improvement
is achieved through the introduction of the FSI in the
system. Nevertheless, the COSY-11 data at excess
energies of 20 MeV or less still seem to be underestimated.
This might be connected to the incomplete description of the
spectra of Fig. at very low invariant masses. However,
it must be stressed that in the evaluation of the COSY-11
acceptance no account was taken of any FSI.
VIII. CONCLUSIONS AND OUTLOOK
We have investigated the pp ppK reaction at three
energies. In those parts of the mass spectra where
production is small, we find a marked difference between the
and invariant-mass distributions. There is a strong
peaking in the p/K ratio toward the Kp threshold for
both the COSY-11 and our data. This clearly indicates that
the pp ppK reaction cannot be dominated by the
undistorted production of a single scalar resonance or
Either a mixture of the two is produced or one of the kaons
from the /f decay interacts with a final proton. As we have
shown, these data can be explained quantitatively through the
introduction of a simple final state interaction.
In kinematic regions where production is significant,
the p/K asymmetry is reduced because the meson
may travel some distance before decaying. Our data in such
conditions are well fit by assuming that about 20% of the
from the decay interact with one or both final protons.
The uncertainty in this is, however, quite large because of
the limited precision with which the contribution to the
mass spectrum can be isolate .
There is no universal technique for modeling the FSI when
more than one pair of particles is involved. The product
ansatz has the benefit that the same simulation with the same
parameters reproduces also the strong peaking in the ratio of
the pp/K pp mass distributions.
We find an effective scattering length that is of the
same order of magnitude as that needed to describe the free
scattering data [19]. However, the error bars are large and our
data are primarily sensitive to rather than its phase. It is
important to stress that we do not know the relative strengths
for the production of isospin 0 and pairs in
the pp ppK reaction and hence the relative weights
of and . Some information on this might come from
looking at the data on the pp p6 (1385) and pp
p3(1405) reactions taken at 2.83 GeV [ ]. However, even
this would not give access to the phase between the
and 1 amplitudes. It must also be stressed that we have
neglected any energy dependence of the parameter . Another
important caveat is that we have not considered any possible
interaction of the with the protons. Although there is no
evidence for any strong effect of this nature in the pp
3p reaction [28], since the interaction is repulsive,
its neglect might be interpreted as extra attraction in the
system.
We have clearly shown the importance of the interac-
tion, which is possibly related to the (1405) or the (1385),
but we must now ask whether there is any evidence for effects
that might be connected with the production of the /f
resonances. The simulation of the energy dependence of the
total cross section for the production of the non- component
in the pp ppK reaction underestimates the COSY-11
data very near threshold. Even more intriguing, and possibly
connected, are the lowest mass points in the spectra. At
all three energies shown in Fig. , these points lie much higher
than the simulations and a similar behavior is visible in the
DISTO results [ ] as well as in our data on the pn dK
reaction [ ]. The mass scale of the variation is not that of
the widths of the scalar resonances, which are quite large.
It is tempting to suggest that this structure might be due to
the opening of the channel at a mass of 8 MeV/
which induces some cusp structure that changes the energy
dependence of the total cross section near threshold [ 29].
This would require a very strong channel
coupling, which might be driven by the /f resonances.
Thus, although the pp ppK reaction may not be ideal
for investigating the properties of scalar states, their indirect
effects might still be crucial.
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distributions within their statistical uncertainties. Each of
the three variables (i)–(iii) are subdivided into 10 to
30 bins, producing in total several thousand elements, but
for all of them the acceptance is nonzero. The acceptance
corrections contribute 10% (18.5 MeV), 14% (34.5 MeV),
and 19% (75.9 MeV) to the final systematic error.
Using the number of mesons from the fit, the integral
luminosity for the measurements, and the efficiencies and
acceptances of the ANKE detectors, the total meson
production cross section has been deduced for the three
energies, taking into account the branching ratio in
decay of tot 491 [5]. The results are given
in Table I and plotted as a function of excess energy in
Fig. 2. Very good agreement is found with the DISTO point
at 83 MeV. The dashed line in the figure displays the
energy dependence of phase space. When this is normal-
ized to the highest energy ANKE point, it misses the two
lower points by large factors. The solid line includes the
ffect of the final-stat interaction (FSI) between the two
protons in the state using the Jost-function method (see
Ref. [22]) and scaled such that it fits best all three ANKE
cross sections. The much improved agreement here means
that it is crucial to include the FSI in any description of the
data.
Befor discu sing the differential ross sections which
were measured at the lowest excess energy, it is useful to
note the following constraints. Close to threshold, the two
final-state protons must be in the wave, and the in a
relative wave with respect to this pair, so that the initial
two-proton state is the . This in turn requires the align-
ment of the incident (pp) spin as well as of the final
meson spin direction to lie along the beam axis (see
Ref. [17] for a more detailed discussion). The polar angular
distribution of the decay kaons in the meson rest frame
must then display a sin shape relative to the beam
direction, as is observed for our 18 5 MeV data in
Fig. 3. Any additional cos contribution, induced by
higher partial waves, is not visible. In the lower part of
Fig. 3, we show from left to right the distributions in (i) the
polar angle of the meson in the overall c.m. system,
(ii) the polar angle of the emitted protons relative to the
TABLE I. Total production cross section for pp pp at our three excess energies (Col. 1) compared to pp pp! data [12,13]
(Col. 2) at similar excess energies. The last column contains the ratio of to cross sections for each line. In all cases the first error is
statistical and the second systematic.
production (ANKE) production =! production ratio
[MeV] (tot) [nb] [MeV] (tot) [ =! 10
18.5 43 1 19 9 1 51 23 18 2
34.5 84 13 6 30 9 1 77 48 23 4
75.9 188 19 41 92 5 2
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FIG. 2. Total cross section for production in pp collisions as
a function of excess energy from this work (circles) and
DISTO [17] (square). The error bars include both statistical
and systematic uncertainties. The dashed line shows a phase-
space calculation normalized t pass t rough the highest e ergy
ANKE point, while the solid line, which includes pp final-state
interaction effects, is a fit to all the ANKE data.
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FIG. 3. Diff rential distributions for 18 5 MeV. Vertical
error bars indicate statistical uncertainties and horizontal ones
bin widths. Upper left panel: d=d as a function of the cosine
of the p lar in the r fer ce frame of the meson relative to
the beam direction. The full line is the expected sin shape.
Lower panels: d=d vs cosine of the polar angle of the
meson in the overall c.m. system (left), polar angle of the emitted
proton (middle), and proton polar angle relative to the
direction (right), the two latter being in the (pp) reference frame.
Upper right: Dependence of the cross section on the pp relative
momentum. The dotted line reflects pure phase space whereas
the solid includes also the pp FSI.
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FIGURE 2. Left: Total cross section for pp → ppK+K− vs. excess e ergy ε [6]. Data from COSY-ANKE (closed circles) [6],
COSY-11 (open triangle) [2], (open square) [3], (closed squares) [4] and DISTO (open circle) [13]. The dashed curve represents
the energy dependence from four-body phase space. The dot-dashed includes the pp FSI and the solid c rve includes the K−p FSI.
Right: Total cross sections for pp→ ppφ vs. excess energy ε [5]. Data from COSY-ANKE (closed circles) [5] and DISTO (closed
square) [13]. The d shed curve represents a thr e-body phase-space calculation. The solid curve includes the pp FSI.
sufficient to reproduce the energy dependence [5]. Another important result is the angular distribution of the φ d cay
into K+K− at ε = 18.5 MeV which is a pure sin2 Θ distribution in t Jackson frame. Thus, the φ meson is tensor
polarized with m = ±1 along the beam axis as expected near threshold due to conservation laws [5]. Comparing the
total cross sections for φ - and ω-production at corresponding excess energies [5, 16] yields a ratio Rφ/ω which is about
eight times larger than the prediction ROZI = 4.2 ·10−3 [17] based on the Okubo-Zweig-Iizuka (OZI) rule.
The K+K−- and φ -production was also studied by the COSY-MOMO collaboration at the magnetic spectrograph
BIG KARL using the pd → 3HeK+K− reaction [11]. The invariant mass distributions measured at three excess
energies, 35, 40 and 55 MeV, can be described by pure phase-space distributions. Effects due to a possible K−3He
FSI are not visible. In comparison to the pp → ppφ reaction [5] the φ peak is less pronounced. The surprising result
of the pd → 3Heφ study is that the the φ meson is tensor polarized with m = 0 along the beam axis [11]. In contrast,
the ω meson is unpolarized in the corresponding reaction pd → 3Heω [18]. The ratio Rφ/ω of total cross sections for
pd → 3Heφ and pd → 3Heω at corresponding excess energies is about a factor 20 larger [11] than predicted by the
OZI-rule [17].
HYPERON-PRODUCTION EXPERIMENTS
Exclusive measurements of hyperon production have been performed using the associated strangeness reactions
pp → K+Λp, pp → K+Σ0 p, pp → K+Σ+n and pp → K0Σ+p by the COSY-11, COSY-ANKE and COSY-TOF
collaborations. The aim of those measurements is to understand (i) the reaction mechanism, (ii) to study the effect
of N∗ resonances and (iii) to study the FSI between the outgoing nucleon and hyperon.
COSY-TOF Collaboration / Physics Letters B 688 (2010) 142–149 147
Fig. 6. Dalitz plot of the data at beam 95 GeV (upper left), in comparison with the adjusted model of Sibirtsev (upper right), model calculation only with the resonance
part without FSI (lower l ft), and only with -final-state interaction without resonances (lower right). In all plots, th scale from light to dark indicates the increasing yield
in a linear scale.
Fig. 7. Dalitz plots of the reaction pp at beam 95, 3.20 and 3.30 GeV ; data (upper) compared to model-fits (lower).FIGURE 3. Dalitz plots of the reaction pp → K+Λp measured by COSY-TOF at 2.95, 3.20 and 3.30 GeV/c [19]. The model
calculations are performed using the ISOBAR model of Sibirtsev [20].
The COSY-TOF detector enables exclusive measurements with a large solid angle in the laboratory system and
almost 4pi in the c.m. system. Recent measurements of the reaction pp→ K+Λp at three bombarding energies [19] are
shown in Fig. 3 in the form of Dalitz plots. The Dalitz plots show strong deviations from a homogeneous phase-space
distribution. The data can be described using the ISOBAR model of Sibirtsev (concept outlined in [20]) which takes
into account the Λp FSI and the contribution of three N∗ resonances, N(1650), N(1710) and N(1720). The exclusive
measurements of pp → K+Λp and pp → K+Σ0 p by COSY-TOF provide also differential cross sections [21] in the
M. Abdel-Bary et al.: Production of Λ and Σ hyperons in proton-proton collisions 9
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Fig. 6. Angular distributions of the particles in the overall
CMS, Jackson and helicity frames (top-down) for the reactio
pp pK Λ measured at an excess energy of = 204MeV
beam = 2950MeV c). Error bars for each data point are
the square root of the quadratic sum of the statistical, accep-
tance, and signal-to-background-separation uncertainty. The
solid histogram in the pΛ Jackson frame represents the Leg-
endre polynomial of table 2 which is used as MC filter. Its ef-
fect on all other angular distributions is shown by the dashe
histograms. Below each angular distributions the differential
acceptance is shown.
a sizable pΛ FSI play a decisive role, however, both are
strongly interrelated by interference effects. A detailed
analysis of a series of Dalitz plots measured at excess en-
ergies of 204, 284, and 316 MeV is the subject of a forth-
coming publication of the COSY-TOF collaboration [46].
The present paper, hence, does not aim at an anal-
ysis of the Dalitz plot. We rather focuses on presenting
and discussing sets of one-dimensional differential distri
butions which have not been published so far. Our results
substantially complement as well as support the earlier
Dalitz plot analsis of [6].
3.2.2 Angular distributions in the overall CMS
The angular distributions of the three ejectiles in the over
all CMS are shown in the upper row of figs. 6 to 8. The
dashed histograms shown in the same pictures correspond
to filtered Monte Carlo data and will be explained in de-
tail in the following section. The change of acceptance is
smooth as shown below each distribution. The steep de-
cline of acceptance towards cos = 1 in the case of the
kaon and proton distributions is caused by the require-
ment of evaluating only hyperons emitted into the forward
CMS hemisphere. Nevertheless, the angular distributions
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Fig. 7. Angular distributions of the particles in the overall
CMS, the Jackson and helicity frames (top-down) for the reac
tion pp pK Λ measured at an excess energy of = 239MeV
beam = 3059MeV c). Error bars for each data point are
the square root of the quadratic sum of the statistical, accep-
tance, and signal-to-background-separation uncertainty. The
solid histogram in the pΛ Jackson frame represents the Leg-
endre polynomial of table 3 which is used as MC filter. Its ef-
fect on all other angular distributions is shown by the dashe
histograms. Below each angular distributions the differential
acceptance is shown.
of proton and kaon are symmetric with respect to cos = 0
as the coefficients in table 2 to 4 are compatible with
zero. This symmetry in the overall CMS is mandatory in
the case of identical particles in the entrance channel.
The angular distributions of protons and Λ hyperons
show a pronounced anisotropy. The proton distributions
even require the inclusion of . These anisotropies reflect
relative angular momentum, , in both the p (K Λ)
and Λ (K p) system. From an inspection of the Legen-
dre polynomial coefficients in tables 2 to 4 one deduces
2) for the former and ( 1) for the latter. In
contrast, the angular distributions of the kaons are essen-
tially isotropic with coefficients deviating slightly from
zero only for the two lower energies. This indicates rel-
ative angular momentum in the K (pΛ) system, if at
all present, to become of even minor importance with in-
creasing excess energy.
The three CMS angular distributions are compatible
with each other simply due to kinematics. If the K
system is assumed, as working hypothesis, to form an
resonance the angular distribution of is the mirror
image of that of the associated proton. The -resonance
decays in its own rest frame back to back into hyperon
and kaon. The available energy in this two-body decay
depends on the mass of the resonance and may vary be-
FIGURE 4. Differential cross sections in the CMS, Jackson and helicity frames for the reaction pp → K+Λp measured by
COSY-TOF at pbeam = 3.059 GeV/c [21]. Note the differential acceptances A(‰).
CMS, Jackson and helicity frames, see Fig. 4. In addition, first measurements with polarized proton beams have been
performed. The COSY-TOF data will be used for a detailed partial wave analysis by the Bonn-Gatchina PWA group.
In Fig. 5 [21] the total c oss sections for pp → K+Λp and pp → K+Σ0 p [21, 22, 23, 24, 25, 26, 27, 28, 29] are
shown as a function of the corresponding excess energy ε . The dashed curves representing a three-body phase-space
ε2 dependence describe the pp→ K+Σ0 p data and there is no evidence for a Σ0 p FSI. However, the pp→ K+Λp data
can only be described by including the Λp FSI. The right panel shows the ratio of the pp → K+Λp to pp → K+Σ0 p
total cross sections as a fu ction of the excess energy. The new experimental values from COSY-TOF [21] confirm
the general trend towards a ratio of 2.2 measured at high energies [30]. The large increase of the ratio towards low
energies is well described by the Λp FSI.
The first measurement of the reaction pp → K+Σ+n close to threshold has been performed by COSY-11 [31], by
detecting the K+ in coincidence with the neutron. The total cross sections at ε = 13 and 60 MeV were astonishingly
high compared to those for pp → K+Σ0 p. Therefore, the energy dependence of the reaction pp → K+Σ+n close to
threshold has been studied recently by COSY-ANKE [28, 32] by detecting K+ in coincidence with pi+ from the decay
of the Σ+ and by detecting K+p coincidences. In contrast to the COSY-11 results [31] the total cross sections for
pp → K+Σ+n are very much smaller (factor 50 at ε = 60 MeV) and slightly smaller than those for pp → K+Σ0 p
(R(Σ+/Σ0) = 0.7± 0.1). The energy dependence can be described by a three-body phase-space calculation [32], with
no evidence for a Σ+n FSI. Details can be found in the contribution of Yu. Valdau to these proceedings.
A recent determination of the total cross section for pp → K+Σ+n at ε = 102.6 MeV from inclusive K+ data by
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FIGURE 5. Left: Total cross sections for pp → K+Λp (solid symbols) and pp → K+Σ0 p (open symbols) [21, 22, 23, 24, 25,
26, 27, 28, 29] vs. corresponding excess energy ε . The new data (open and solid crosses, denoted ’this work’ in the insert) are
from COSY-TOF [21]. The dashed curves represent a three-body phase-space ε2 dependence. The solid curve includes the Λp FSI.
Right: Ratio of the pp→K+Λp to pp→K+Σ0 p total cross sections vs. ε . The ratio at ε = 700 MeV is an average value calculated
from data given in [30]. The solid curve takes the Λp FSI into account.
COSY-HIRES [33] yielded also a value smaller than expected from the COSY-11 results. But the result is in conflict
with the exclusive measurement by COSY-ANKE [28, 32]. Possible reasons for this discrepancy are discussed in [34].
FIGURE 6. Missing mass spectrum of the reaction pp→ K+Λp measured at Tp = 1.953 GeV and ΘK = 0◦ [35]. Solid curve: fit
with spin-averaged effective range parameters. Dashed curve: phase-space distribution.
The Λp FSI in the reaction pp → K+Λp has been studied with a high invariant mass resolution by the COSY-
HIRES collaboration [35]. The kaons were detected at 0◦ using the magnetic spectrograph BIG KARL [36]. The
double differential cross section is shown in Fig. 6 as a function of the missing mass, i.e. the invariant mass of the Λp
system. The spectrum is characterized by a huge FSI enhancement near the Λp threshold. A narrow S = −1 dibaryon
resonance predicted near 2100 MeV [37] is not visible. The data can be described by factorizing the reaction amplitude
in terms of a production amplitude and a FSI enhancement factor (solid curve in Fig. 6). Taking for the enhancement the
inverse Jost function yields the spin-averaged effective range parameters of the Λp interaction, i.e. the scattering length
a¯ = −2.43+0.16
−0.17 fm and the effective range r¯ = 2.21± 0.16 fm. The dashed curve is the corresponding phase-space
distribution without FSI enhancement. Taking the free Λp scattering data [38, 39] in a combined fit into account yields
the possibility to disentangle the spin singlet and triplet effective range parameters of the Λp system [35]. However,
this result should be considered with respect to the theoretical uncertainties of the Jost-function approach [40]. A direct
determination of the spin singlet and triplet effective range parameters requires polarization measurements as proposed
by Gasparyan et al. [41] and planned by COSY-ANKE and COSY-TOF.
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